Transportation networks respond differently to applied policies. The Tehran Metropolitan Area has one of the most complex networks with complex users, which has experienced many of these policies change within the past decades. In this study, some of these policies and their effect on air pollution is investigated. The goal is to pinpoint the variables which have the most effect on various transportation models and investigate how new policies should be focused. In order to do so, long-term variations of air pollution monitoring stations were analyzed. Results show that the most significant parameter that may affect air pollution is users' behavior due to the lack of a public transportation network and its level of comfort. The results of this study will be useful in developing new policies and evaluating their long-term consequences in appropriate models.
INTRODUCTION
Rapid urbanization may cause different forms of environmental pollution, such as air pollution, acid rain, water pollution, land pollution, solid waste, toxic waste, and deforestation. In the metropolitan areas of developing countries, especially in Asia, the environmental problems are much greater.
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Iran, e-mail: Shahab_kabiri@mail.kntu.ac.ir , Part 1 interest here, has become an undeniable problem for most countries [1] . Iran, and precisely speaking the Tehran Metropolitan Area (TMA), is not an exception. Urban air pollution is generally caused by three main sectors: Industry, Household, and Transportation [2, 3] . Putting aside the first two sectors, the transportation sector seems to be the TMA's major problem [4] .
Tehran Province has a population of around 12.4 million and surpassing 8.3 million in the wider metropolitan area, according to the 2012 census [5] . Trips made by this population everyday by private vehicles with low standards along with poor public transportation systems, in far distances, have changed this city to a place no one prefers to live in voluntarily. The magnitude of the health impact estimated for the TMA highlights the need for urgent action to reduce the health burden of air pollution [6] [7] [8] .
In recent years, several studies have been carried out to develop methods to reduce air pollution.
These have been mainly generated by the transportation sector, but differences among measuring methods and a lack of strict quality control policies in carrying out exposure assessments make it difficult to generalize and compare findings among studies [9] . The transportation sector is a complex phenomenon; that is why this sector has always needed comprehensive studies.
A useful method that in recent years has become of interest to researchers is system dynamics (SD) modeling. This approach, which seems to be able to integrate all possible variables together, suffers from one major problem: deciding which parameters should and which should not be included in the model, which is to identify system boundaries properly. Besides, deciding between different variables could not be generalized since modeling the same problem in different situations might call for different variables. Thus, it is important to know which variables play the most vital role in a system in a particular situation. Many researchers have tried to model transportation networks using SD with numerous variables [1, [10] [11] [12] [13] [14] [15] [16] [17] . Authors believe that there are still undiscovered variables in the TMA transportation network (TMATN) which could be useful for policy and decision makers in deciding the best way to mitigate air pollution.
Among various pollutants, carbon monoxide (CO) concentrations were of interest. Even though it is claimed that TMA's CO concentration does not expose residents to risk these days [18] , it is believed that this pollutant's concentration is the most proper variable to be considered in order to evaluate the effect of transportation related theories and their consequences, at least in the TMA. This belief is due to the recorded data in various parts of the city which show a close relation with the volume of vehicles in the TMATN [19] . This study is part of a more comprehensive study carried out by authors using SD modeling to evaluate long-term consequences of applied policies on transportation networks, the results of which are expected to be published soon. 
TEHRAN METROPOLITAN AREA (TMA)
Every morning, the city wakes up and starts a new day. Over 17 million trips are made each day, of which half are made by personal cars and the rest by public transportation system. In addition, about 55 percent of daily trips are commuter and non-home-based trips [18] . Some general information, which could affect air pollution in the TMA is presented here and in the next section. Supplementary information about TMATN daily behaviors is presented along with recorded data.
METEOROLOGICAL CONDITIONS
TMA experiences a full seasonal change during a calendar year. Warm springs, hot summers, cool autumns and, sometimes, freezing winter days are usually experienced throughout one year in the TMA. The northern region of the city, because of its higher altitude, usually experiences a cooler weather than other regions. The most probable winds are westward ones [20] .
SOCIO-ECONOMIC PARAMETERS
Considering economic factors, moving from the south part of the city to its north more indicators of a wealthier life can be seen. That is, wealthy people are usually residents of the northern part of the city. However, aside from the things that may be different in different parts of the city, fuel price is a variable; it is equal all over the country. Always subsidized by the government in the past decades, gasoline prices have been increasing in different steps gradually to remove subsidies in this sector.
Gasoline prices over the last 15 years are shown in Fig. 1 . Another parameter, which is expected to play an important role in TMA pollution, is car ownership.
The number of vehicles is more important than the vehicle speed in generating vehicular pollution [21] . If the number of existing vehicles in 2001 is neglected, the number of newly registered personal vehicles in the TMA is shown in Fig. 2 . beyond the scope of this study, should never be neglected because of their adverse effects on air pollution [2, 22, 23] . 
WORKING DAYS, ACADEMIC CALENDAR, AND PUBLIC HOLIDAYS

CENTRAL BUSINESS DISTRICT (CBD)
Most of the business trades during weekdays, like in almost all big cities, take place in the central part of the city. More than 40 percent of daily commuter trips (1,300,000 trips) together with 35000 commuter vehicles from adjacent towns (mostly west and south) move toward the city center in the morning peak hour [18] . That is why most transportation management policies are focused on the CBD. The region suffers from both traffic congestion and air pollution due to daily trips. 
TMA AIR POLLUTION MONITORING (APM) STATIONS
There show a descending trend in CO concentrations, even slightly. Unfortunately "Bazar" and "Fatemi" stations, which were installed prior to the other stations, have stopped monitoring and it is not possible to evaluate a longer period of data variations.
One point that comes to mind is that regardless of the different time periods, which were introduced, a kind of crisis is recorded in almost all stations in 2010. This growth is also recorded in APM stations not mentioned here, all over the TMA, and will be discussed later. It is also apparent that, excluding the year 2010, the city has reached a uniform level of pollutant concentration. This may show that the city should implement new strategies to mitigate air pollution due to vehicle movements, since the current ones show they cannot do any better.
It may be concluded that since almost all stations show a smooth fall in CO concentrations, this fall has nothing to do with OETRP or RAP plans in the city center. Recorded data from the "Bazar" and In the next sections, a closer look at data variations at each station with respect to workdays and weekends across different time periods introduced before is presented.
"BAZAR" APM STATION
As expected, stations in CBD, where more commuters are attracted, show more differences between workday and weekend concentrations ( for the pattern in P1 period seems apparent since the city is on public holidays during the New Year and the CBD is almost all in the part-time working period. However, the reason for the P5 period is believed to be the shopping trips made to the CBD prior to the New Year's holidays, which are also made on weekends. The decrease in the values due to stopped shopping trips in P1 period compared to P5 period (which in some cases is about 40 percent) is another evidence proving this. 
"FATEMI" APM STATIONS
What was observed for the "Bazar" station in workday and weekend values and their differences is also visible at the "Fatemi" station (Fig. 7) . It is noteworthy that the "Fatemi" station is located on the boundary of the OETRP and RAP areas. Therefore, on one hand, the station is located in CBD and the region has to serve daily commuters, and on the other hand, compared to the "Bazar" station, it has the privilege of being more accessible by private cars.
More noticeable from 1997 until 2001, Fig. 8 shows that the "Fatemi" station still records greater values than the "Bazar" station in general, but the worrying thing is that both charts seem to have a kind of convergence, which might be interpreted differently. From the "Bazar" station point of view, the convergence might not be a good sign since it shows that the RAP is not as effective as it is expected to be. However, from the "Fatemi" station point of view, it could be said that the OETRP is working just as well as the RAP. The reason for such a convergence might lie within an additional reason, which has not been mentioned here before and that is how the entrances to both areas are monitored. The RAP area has been monitored by cameras installed on entrances, while the OETRP area has been controlled by police officers; which surely makes it easier for outlaws to enter it. As time has passed, more entrances in the OETRP area have been controlled by cameras and that seems to be the reason for the convergence, which is hopefully expected to keep its distance with the RAP recorded data, because if not, it could be a proof for the ineffectiveness of both policies. (Fig. 9) . However, the ascending behavior of data values in 2012 and 2013 is worrying. In these years, fuel quality and vehicle standards have not been decreased for sure, if anything they have increased. In addition, since different time periods show a similar trend, it might be concluded that it has nothing to do with weather conditions. The parameter, which might have shown up here, in this case is the number of daily trips. The region, compared to the CBD, has a cleaner air, which may encourage businesses or even residents who look for a better place to be attracted. Other than cleaner air, the region has the advantage of no traffic limits for private cars. Something worse may have happened as well; as managers decide to move the offices, the staff who previously were reliant on public transportation to reach the CBD, now must use private cars because of the poor public transportation system in this region. Thus, a second crisis may be on its way in this region. It is noteworthy that the recorded 
"AGHDASYEH" APM STATION
At the "Aghdasyeh" station, a different type of behavior is recorded. As it can be seen in Fig. 10 , within each year the P4 period data values are noticeably higher than in all other periods. To justify such a behavior some parameters mentioned before are discuss-able at the "Aghdasyeh" station. This station is located in the north part of the city, and as it was described earlier, this station experiences a cooler weather. The P4 period includes the autumn and winter seasons. The first thing that comes to mind is that the greater average for P4 period may be due to the inversion that occurs in the winter.
For such a hypothesis to be true, it seems logical that first, such an increase be visible in similar stations, and second, the greater values be recorded for the winter since the inversion happens mostly in the winter in Tehran. For similar stations, the "Poonak" station, which was discussed earlier, is the nearest to the "Aghdasyeh" station and such an increase in P4 period is not visible there for sure. To compare the difference between autumn and winter data, two other periods were defined and the data was plotted in one chart next to P4 period (Fig. 11) . In this chart, P6 and P7 periods represent autumn and winter, respectively. To be clearer, it is necessary to mention something about rainy days of the TMA here. On TMA's rainy days, a real traffic jam is visible in almost all highways and local streets of the city. The reason lies in a loop created by the behavior of taxis and private car users. When raining, everyone prefers to use his/her private car, and that is why morning commuters who ordinarily use public transportation, if feel a rainy day ahead, prefer to use personal cars instead. Traffic congestion on streets increases, and then taxis either stop working, or they demand higher charges from passengers due to the congestion (in some cases a 15-minute daily trip may become a 3-hour boring one). That is why daily commuters of the public transportation network are stuck in the streets in rainy days because taxis are not available, or if available, they demand higher charges because of congested streets. In this loop, Tehran rainy/snowy days become worse day by day. This problem behaves in different ways in various parts of the city. The central part of the city has the advantage of a better public transportation network, which consists of buses and a subway system. Taxi users can switch to buses or the subway if taxis are not available, although they will not receive any modal comfort since these systems have to serve many more passengers on these days, but at least they can get to work and back home. In the northern parts of the city, however, the solution lies within using private cars since there are no buses or subway systems. This is what the authors believe to be the reason of increased pollution in P4 period at the "Aghdasyeh" station. This behavior is also visible at the "Parke-Roz" station, which has similar conditions to the "Aghdasyeh" station. "Park-e-Roz" station's data is shown in Fig. 12 . Fig. 10 . "Aghdasyeh" APM station's data, P1-P5 periods Fig. 11 . "Aghdasyeh" APM station's data, P4, P6&P7 periods
"PARK-E-ROZ" APM STATION
As it was discussed before, in P4 period, this station has recorded higher values than the other periods (Fig. 12) . However, something else in this station draws attention; no recognizable difference between workdays and weekends exists. Therefore, there must have been some additional trips on weekends, which replace typical workday trips. This is justifiable by considering that the station is located in a recreational region, which attracts many people on weekends and holidays. As it can be seen, excluding the 2010 data, the averages of the values recorded are less than what is recorded for the "Aghdasyeh" station. The smaller values could be justified by considering that the "Par-e-Roz" region has a smaller population density and subsequently has less commuters. However, the increase in year 2010, more than what was seen at the "Aghdasyeh" station, might be a consequence of the growth in car ownership, which results in attracting more people to the recreational region, especially on weekends. Fig. 12 . "Park-e-Roz" APM station's data, P1-P5 periods
"SHAHR-E-REY" APM STATION
This station is located in the southern part of the city. The region belongs to moderate and below moderate people who usually cannot afford to buy vehicles, especially the ones with high standards.
However, something different in this station is noticed (Fig. 13) . If it is believed that the 2010 crisis is a matter of car ownership growth along with fuel price, in the years after, regardless of the day and period, all recorded data moves towards a kind of convergence. In this particular case, authors believe 
CONCLUSIONS
Almost a decade has passed since the last time that the major applied traffic restrictions on the TMATN were revised. New recorded values show that the CBD has reached a constant level of pollutant concentration, thus, in order to mitigate air pollution generated by the transportation sector in this region, new policies must be developed.
Data variations in various parts of the TMA show that each region has its own characteristics, which in some cases vary substantially, compared to other regions. Some of these characteristics, which have been mentioned in this study, are:
-One major variable that has been able to mitigate air pollution has proven to be the fuel price.
Almost all parts of the city, either poor or rich, have responded to fuel price increases, although not equally. level in the public transportation system.
-High car ownership and its incremental growth in the last decade has led to a change of drivers' behaviors. It seems that due to a poor public transportation system, driving personal cars has become of drivers' interest.
-Another thing that seems obvious is that in the TMA, driving time has become less important in recent years. In other words, drivers usually do not get tired of driving cars in congested highways.
This behavior also is surely a consequence of a poor public transportation system, which is not able to offer a level of comfort that can attract passengers.
-Data variations in less polluted areas shows a slight ascending trend. The reason might lie within the fact that the CBD is experiencing a kind of expansion, which might not be well-organized and may lead to a crisis in air pollution in near future.
Surely, in recent years, the level of comfort offered by public transportation to passengers has increased. However, there are two major problems: on one hand, the number of passengers has increased as well because of population growth. On the other hand, passengers' expectations of comfort levels have also increased. Therefore, any changes in the public transportation system have to overcome these two challenges along with accessibility in order to encourage personal car users to change their choice of transportation.
Finally, it is believed that the TMATN is a complex network with complex users, but it seems that the network better responds to policies exerted on users than on vehicles. Additional proof for this suggestion will be published soon by the authors. Thus, it is suggested that in modeling the TMATN, focus should be on users and their personal characteristics; characteristics which encourage users to use public transportation instead of personal vehicles. It is also important that the focus should be both on modeling user behavior and variables affecting policies exerted on such users. sześć stacji do przeprowadzenia szczegółowego przeglądu danych: stacje "Bazar", "Fatemi", "Poonak", "Aghdasyeh", "Park-e-Roz" i "Shahr-e-Rey". Przeanalizowano długoterminowe zmiany tych stacji między 1996 a 2013 (w miarę dostępności), aby sprawdzić, czy można było rozpoznać parametry wpływające.
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Ponieważ stacje APM zarejestrowały różne stężenia zanieczyszczeń, należało wybrać jedną do dalszej analizy.
W niniejszej pracy wybrano tlenek węgla (CO) jako substancję zanieczyszczającą środowisko z dwóch powodów; dłuższej zapisanej historii danych oraz, co ważniejsze, bezpośredniego związku między stężeniami CO a natężeniem ruchu. Inne substancje zanieczyszczające środowisko, takie jak Cząstki Stałe (Particulate Matters, PM) pochodzą z innych źródeł niż pojazdy sieci transportowej, np. parki przemysłowe i fabryki, które otaczają obszar metropolitalny.
